Introduction: 2-octyl cyanoacrylate (Dermabond™, Ethicon, USA) has been available as an alternative skin closure since 1997. There are no reports on keloid formation with 2-octyl cyanoacrylate (2OC) closure for Caesarean section. Our study aims to assess keloid formation after Caesarean sections, as well as the safety and efficacy of 2OC for skin closure in Caesarean sections.
INTRODUCTION
Caesarean section is a common obstetric procedure performed on women of reproductive ages. Keloid formation is a common aesthetic problem faced by these young patients post-surgery, and it can be associated with pruritus, pain and psychological disturbance. Although keloid can happen at any age, they are most likely to occur between ages of 11 to 30 years, and have a female predominance 1 . Asians are the second most common ethic group to have documented keloid incidence, after Africans 1 .
2-octyl cyanoacrylate (Dermabond™) has been available as an alternative to conventional suture skin closure for many procedures since 1997. It is a sterile liquid topical skin adhesive with an antimicrobial function. Skin closures with 2-octylcyanoacrylate have been shown to be equivalent to skin sutures with regards to healing potential, wound strength, and cosmesis in many areas, including traumatic lacerations 2 , head and neck surgery 3 , breast 4 , saphenous vein harvesting 5 , laparoscopic port site closure 6 and abdominal wounds 7 . However, there is only one study that reports on the use of 2-octylacrylate for skin closure in Caesarean section cases 8 function, and no need for suture removal 9 . There are no reports on keloid formation with use of 2-octyl cyanoacrylate post Caesarean section compared to suture skin closure. A PubMed search using the terms "cyanoacrylate", "tissue adhesive", "Dermabond", "keloid" and "Caesarean" yields no results.
Our study aims to assess the long term keloid formation after Caesarean sections with 2-octyl cyanoacrylate. The secondary outcomes include assessment of wound infection, wound dehiscence, adverse peri-wound conditions and average operating time to evaluate the safety and efficacy of 2-octyl cyanoacrylate for skin closure in Caesarean section cases.
METHODS
A pilot study of Caesarean section cases with 2-octyl cyanoacrylate skin closure performed at KK Women's and Children's Hospital was done. The study included all women who delivered via Caesarean section via Pfannenstiel incision between March 2010 and October 2011 by a single obstetrician. During the study period, there were no other obstetricians in the same institution who used 2-octyl cyanoacrylate for closure of Pfannenstiel incision. The study received approval from Singhealth Centralised Institutional Review Board.
The patient recruitment for the 2-octyl cyanoacrylate arm was prospectively done via sequential method. Patient sample size was not calculated as this was a pilot study. For the 2-octylcyanoacrylate arm, 50 cases of Caesarean section with exclusive 2-octyl cyanoacrylate skin closure were recruited between March 2011 and October 2011. Historical controls were used for the control cases in the suture arm. The preceding 47 cases of Caesarean sections between March 2010 and January 2011 with exclusive suture skin closure using monocryl® (poliglecaprone 25) sutures were used as cases for comparison. The cases in February 2011 were excluded as this was the change-over period from suture to 2-octyl cyanoacrylate closure.
Patients in both arms first had the Scarpa's fascia approximated with 2-0 vicryl suture in a continuous running fashion. The skin layer was then closed with either suture (monocryl®, poliglecaprone 25) or 2-octyl cyanoacrylate with careful approximation of the skin till the liquid dried.
The primary outcome assessed was that of keloid formation. Keloid definition refers to excess scar tissue within and beyond the boundaries of the wound. Most keloids form within three months, but some may occur up to one year after skin trauma 1 . As such, patients were reviewed in outpatient clinic settings at different time points up to one year from time of Caesarean section, namely at one month, six months and one year time points to include patients with late onset of keloid formation. Secondary outcomes of interest included the average operating time, proportion of wound infection, wound dehiscence and adverse periwound conditions. Adverse peri-wound conditions include post-operative pruritus and erythema. Proportions for all outcomes across the two arms were compared using chi-square/fisher exact test 
RESULTS
The baseline maternal characteristics were similar in the two arms of the study, and summarised in Table 1 . Factors like type 2 diabetes mellitus, gestational diabetes, smoking and body mass index (BMI) were analysed as they may influence wound healing. All patients were of Asian ethnicity. Of note, the average BMI of our study group is 27.1-28.0, which fall into the obese category for Asians 10 .
A Caesarean operation would be classified to be difficult if there are severe intraoperative adhesions, likely secondary to previous surgery. This would be reflected in the operative notes.
There was a higher incidence of keloid formation in the 2-octyl cyanoacrylate group (24.0%), compared to the suture group (14.9%), though this did not reach statistical significance (p=0.382). In terms of secondary outcomes, there was no difference in incidence of wound infection, and rates of wound infection in both arms are small. There were no cases of wound dehiscence in both arms. There was a higher rate of abnormal peri-wound conditions in the suture arm (6.4% vs. 2.0%), and these included areas of erythema and pruritus. However, this was not of statistical significance. The mean operative timing for 2-octyl cyanoacrylate arm was 34.1±7.2 minutes, which was slightly longer than the suture arm, but there was no statistical difference. The findings above are summarised in Table 2 .
DISCUSSION
Our study is the first to compare the incidence of keloid formation between 2-octyl cyanoacrylate and suture skin closure for Caesarean section wounds. The pathogenesis of keloids is poorly understood 1 . However, patients with keloids on non-visible areas of the body have been shown to be more affected than patients with keloids on visible areas of the body 11 . In view of the demographics of our patient group at risk of keloid formation, coupled with the length of a Caesarean section scar, it is important to evaluate the probability of long term keloid formation before using 2-octyl cyanoacrylate as an alternative skin closure. A study by Krishnamoorthy et al. on the use of 2-octyl cyanoacrylate for saphenous vein harvesting (long scar) showed superior cosmetic outcomes and improved patient satisfaction 5 . Our results did not reflect a similar positive cosmetic effect. However, it did not show any statistical difference in keloid formation with the use of 2-octyl cyanoacrylate. The experience with the cosmetic outcomes with 2-octyl cyanoacrylate post Caesarean section is necessary, and this finding is reassuring before widespread application of its clinical use for Caesarean deliveries.
The secondary aim of our study was to assess the safety and efficacy of 2-octyl cyanoacrylate for Caesarean section skin closure through assessment of wound infection, wound dehiscence, as well as abnormal peri-wound condition, which included pruritus and erythema surrounding the wound site post-surgery. The latest Cochrane review on tissues adhesives for closure of surgical incisions suggested that sutures may minimise dehiscence at areas of higher tension 9 . Siddiqui et al. assessed the safety of 2-octyl cyanoacrylate in Caesarean skin closure, and concluded no difference in rates of wound separation and surgical site infection after Caesarean delivery 8 . This was similarly reflected in our study, where there were no cases of surgical wound dehiscence in both arms of our study. This is important for assessment in view of the length of the Caesarean scar, which is typically at least ten centimetres in length. In addition, our study showed there was no statistical increase in abnormal peri-wound condition postsurgery in both arms. These suggest that 2-octyl cyanoacrylate is a safe alternative to suture for skin closure in Caesarean section cases.
Contrary to suggestions of shorter operating time 12 , the operating time in the 2-octyl cyanoacrylate arm in our study was not faster compared to the suture arm. This paralleled the findings in Siddiqui's study 8 . It has been shown that 2-octyl cyanoacrylate application is an easily acquired skill, and there is no need for extensive specialised training 13 . However, this time difference is minimal, and is not of statistical significance. With more extensive use of 2-octyl cyanoacrylate, operating time may consequently reduce with experience.
The limitations of our study include a small sample size and a non-randomised sample. Due to the retrospective nature of the study, and the single surgeon experience with 2-octyl cyanoacrylate at our centre, our study population is small. All keloid scars were reviewed in clinic, and photo documentation was done. However, we had limited experience with scoring of the keloid scars according to standardised scales e.g. visual analogue scale, patient and observer scar assessment scale. Such assessment will be useful for more objective comparison of keloid formation in future studies.
The cost of conventional suture is comparable to that of 2-octyl cyanoacrylate (Dermabond™). The choice of use of either skin closure technique will ultimately depend on surgeon's preference, given the safety profile of 2-octyl cyanoacrylate suggested in our review. However, given that application of 2-octyl cyanoacrylate is easy to teach, surgeons may be able to involve junior residents in skin closure with minimal difference in cosmetic effect.
CONCLUSION
Our study, though small, has highlighted that 2-octyl cyanoacrylate has similar efficacy as conventional suture in terms of keloid formation, operating time, wound infection, and adverse periwound conditions. It seems to be a safe alternative for skin closure in Caesarean sections. However, a randomised controlled trial would be a better testimonial to the use of 2-octyl cyanoacrylate in Caesarean section.
